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GRAPH A - CURVES FOR 1978 SAMPLING DATE
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GRAPH B - CURVES FOR 1989 SAMPLING DATE
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Figure 36.  Decay-curve families for time-delay mixing model.  Each graph shows a family of curves for a given 
sampling year.  Each curve shows average decayed tritium concentrations, for hypothetical mixes over time, for
specified delay times that are provided in 4-year increments.
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GRAPH C - CURVES FOR 1990 SAMPLING DATE
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GRAPH D - CURVES FOR 1991 SAMPLING DATE
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Figure 36.  Decay-curve families for time-delay mixing model.  Each graph shows a family of curves for a given 
sampling year.  Each curve shows average decayed tritium concentrations, for hypothetical mixes over time, for
specified delay times that are provided in 4-year increments.--Continued
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GRAPH E - CURVES FOR 1992 SAMPLING DATE
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GRAPH F - CURVES FOR 1993 SAMPLING DATE

Figure 36.  Decay-curve families for time-delay mixing model.  Each graph shows a family of curves for a given 
sampling year.  Each curve shows average decayed tritium concentrations, for hypothetical mixes over time, for
specified delay times that are provided in 4-year increments.--Continued
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GRAPH G - CURVES FOR 1994 SAMPLING DATE
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GRAPH H - CURVES FOR 1995 SAMPLING DATE

Figure 36.  Decay-curve families for time-delay mixing model.  Each graph shows a family of curves for a given 
sampling year.  Each curve shows average decayed tritium concentrations, for hypothetical mixes over time, for
specified delay times that are provided in 4-year increments.--Continued
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GRAPH I - CURVES FOR 1996 SAMPLING DATE
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GRAPH J - CURVES FOR 1997 SAMPLING DATE
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Figure 36.  Decay-curve families for time-delay mixing model.  Each graph shows a family of curves for a given 
sampling year.  Each curve shows average decayed tritium concentrations, for hypothetical mixes over time, for
specified delay times that are provided in 4-year increments.--Continued
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Figure 37.   Hydrographs of selected well pairs.
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Figure 37.   Hydrographs of selected well pairs.--Continued
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Figure 37.   Hydrographs of selected well pairs.--Continued
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100 Geochemistry of the Madison and Minnelusa Aquifers in the Black Hills Area, South Dakota
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102 Geochemistry of the Madison and Minnelusa Aquifers in the Black Hills Area, South Dakota
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Table 8. Stable isotope data for sites with multiple samples

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)

48 Swanson Well 08-16-94 -17.45 -133.0

48 Swanson Well 08-30-96 -17.46 -132.0

112 Black Hills Power & Light 06-26-90 -14.30 -108.0

112 Black Hills Power & Light 09-30-93 -14.40 -108.0

112 Black Hills Power & Light 04-20-95 -14.20 -109.0

116 Rapid City No. 6 04-03-90 -14.15 -105.0

116 Rapid City No. 6 12-13-90 -14.45 -109.0

116 Rapid City No. 6 10-04-93 -14.40 -107.0

116 Rapid City No. 6 04-20-95 -14.20 -108.0

116 Rapid City No. 6 08-26-96 -14.22 -107.0

121 Westberry Trails - Madison 08-21-90 -14.00 -103.0

121 Westberry Trails - Madison 09-30-93 -14.00 -105.0

121 Westberry Trails - Madison 04-26-95 -13.80 -106.0

121 Westberry Trails - Madison 09-11-96 -13.96 -103.0

123 Rapid City No. 10 09-06-91 -14.35 -110.0

123 Rapid City No. 10 10-01-93 -14.40 -108.0

123 Rapid City No. 10 10-14-94 -14.40 -109.0

123 Rapid City No. 10 08-26-96 -14.36 -108.0

124 Rapid City No. 8 09-05-91 -14.30 -108.0

124 Rapid City No. 8 09-28-93 -14.50 -109.0

124 Rapid City No. 8 04-18-95 -14.40 -109.0

124 Rapid City No. 8 08-26-96 -14.41 -108.0

126 Lien 107-20-78 -14.19 --

126 Lien 09-10-96 -14.17 -106.0

142 Stanley 08-23-89 -14.36 -109.0

142 Stanley 09-10-96 -14.49 -111.0

149 Highland Hills 07-25-96 -12.53 -96.3

149 Highland Hills 11-18-96 -12.47 -94.8

149 Highland Hills 01-09-97 -12.50 -95.6

149 Highland Hills 03-03-97 -12.54 -94.9

149 Highland Hills 05-13-97 -12.72 -97.9

149 Highland Hills 07-14-97 -12.94 -100.3

149 Highland Hills 09-10-97 -12.79 -97.4

149 Highland Hills 12-05-97 -12.73 -96.4

149 Highland Hills 02-06-98 -12.63 -96.1



104 Geochemistry of the Madison and Minnelusa Aquifers in the Black Hills Area, South Dakota

149 Highland Hills 05-11-98 -12.74 -95.9

149 Highland Hills 07-08-98 -12.73 -97.2

149 Highland Hills 09-30-98 -12.56 -98.0

154 Hamms Well A 12-04-86 -12.55 -93.0

154 Hamms Well A 02-06-87 -12.40 -93.0

154 Hamms Well A 04-09-87 -12.50 -92.0

154 Hamms Well A 06-04-87 -12.40 -94.0

154 Hamms Well A 07-02-87 -12.35 -91.0

154 Hamms Well A 08-11-87 -12.45 -93.5

165 Carriage Hills Main Well 07-24-96 -11.93 -91.3

165 Carriage Hills Main Well 11-18-96 -12.03 -90.6

165 Carriage Hills Main Well 01-07-97 -11.98 -91.0

165 Carriage Hills Main Well 03-03-97 -11.99 -90.7

165 Carriage Hills Main Well 05-13-97 -12.04 -93.4

165 Carriage Hills Main Well 07-11-97 -12.13 -92.9

165 Carriage Hills Main Well 09-10-97 -12.12 -94.3

165 Carriage Hills Main Well 12-05-97 -12.15 -91.8

165 Carriage Hills Main Well 02-06-98 -12.20 -94.7

165 Carriage Hills Main Well 05-07-98 -12.24 -93.9

165 Carriage Hills Main Well 07-08-98 -12.34 -94.6

165 Carriage Hills Main Well 09-29-98 -12.35 -93.8

168 Chapel Lane Madison (CHPLN-2) 04-09-87 -11.85 -90.5

168 Chapel Lane Madison (CHPLN-2) 05-07-87 -11.81 -90.5

168 Chapel Lane Madison (CHPLN-2) 08-21-87 -11.90 -91.5

168 Chapel Lane Madison (CHPLN-2) 01-21-88 -11.75 -89.8

168 Chapel Lane Madison (CHPLN-2) 03-22-88 -11.79 -91.0

168 Chapel Lane Madison (CHPLN-2) 05-17-88 -11.76 -90.3

168 Chapel Lane Madison (CHPLN-2) 06-24-88 -11.80 -90.0

168 Chapel Lane Madison (CHPLN-2) 07-22-88 -11.80 -91.7

168 Chapel Lane Madison (CHPLN-2) 08-19-88 -11.82 -92.3

168 Chapel Lane Madison (CHPLN-2) 01-19-90 -12.10 -94.5

168 Chapel Lane Madison (CHPLN-2) 07-23-90 -12.15 -92.5

168 Chapel Lane Madison (CHPLN-2) 09-30-93 -11.90 -91.0

168 Chapel Lane Madison (CHPLN-2) 04-25-95 -11.80 -92.0

168 Chapel Lane Madison (CHPLN-2) 09-13-96 -12.09 -92.5

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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168 Chapel Lane Madison (CHPLN-2) 10-24-96 -12.07 -91.8

168 Chapel Lane Madison (CHPLN-2) 11-18-96 -12.04 -90.2

168 Chapel Lane Madison (CHPLN-2) 01-07-97 -12.11 -91.1

168 Chapel Lane Madison (CHPLN-2) 03-03-97 -12.16 -91.6

168 Chapel Lane Madison (CHPLN-2) 05-13-97 -12.16 -95.3

168 Chapel Lane Madison (CHPLN-2) 07-11-97 -12.20 -94.3

168 Chapel Lane Madison (CHPLN-2) 09-10-97 -12.29 -93.4

168 Chapel Lane Madison (CHPLN-2) 12-05-97 -12.36 -94.6

168 Chapel Lane Madison (CHPLN-2) 02-06-98 -12.39 -93.3

168 Chapel Lane Madison (CHPLN-2) 05-07-98 -12.36 -94.4

168 Chapel Lane Madison (CHPLN-2) 07-08-98 -12.34 -94.2

168 Chapel Lane Madison (CHPLN-2) 09-29-98 -12.39 -95.0

169 Rapid City No. 11 (Corral Drive) 12-17-91 -11.90 -90.5

169 Rapid City No. 11 (Corral Drive) 10-05-93 -12.20 -92.0

169 Rapid City No. 11 (Corral Drive) 04-21-95 -12.00 -91.0

169 Rapid City No. 11 (Corral Drive) 07-24-96 -12.07 -90.8

169 Rapid City No. 11 (Corral Drive) 08-26-96 -12.13 -92.5

169 Rapid City No. 11 (Corral Drive) 11-14-96 -12.07 -91.0

169 Rapid City No. 11 (Corral Drive) 01-07-97 -12.04 -90.8

169 Rapid City No. 11 (Corral Drive) 03-11-97 -12.00 -92.0

169 Rapid City No. 11 (Corral Drive) 05-13-97 -12.07 -92.1

169 Rapid City No. 11 (Corral Drive) 07-11-97 -12.13 -91.5

169 Rapid City No. 11 (Corral Drive) 09-10-97 -12.13 -92.6

169 Rapid City No. 11 (Corral Drive) 05-07-98 -12.13 -91.2

169 Rapid City No. 11 (Corral Drive) 07-08-98 -12.21 -90.8

169 Rapid City No. 11 (Corral Drive) 09-29-98 -12.21 -92.6

172 Rapid City No. 9 (Meadowbrook) 05-08-91 -13.40 -101.0

172 Rapid City No. 9 (Meadowbrook) 09-26-93 -12.70 -97.0

172 Rapid City No. 9 (Meadowbrook) 04-24-95 -12.60 -97.0

172 Rapid City No. 9 (Meadowbrook) 07-26-96 -12.65 -99.3

172 Rapid City No. 9 (Meadowbrook) 08-26-96 -12.69 -98.1

172 Rapid City No. 9 (Meadowbrook) 05-13-97 -12.68 -97.8

172 Rapid City No. 9 (Meadowbrook) 07-08-98 -12.70 -97.9

175 Rapid City No. 3 12-05-86 -13.30 -99.0

175 Rapid City No. 3 02-06-87 -13.25 -98.0

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)



106 Geochemistry of the Madison and Minnelusa Aquifers in the Black Hills Area, South Dakota

175 Rapid City No. 3 03-10-87 -13.10 --

175 Rapid City No. 3 04-10-87 -13.30 -98.5

175 Rapid City No. 3 06-16-87 -13.30 -99.0

175 Rapid City No. 3 07-02-87 -11.55 -95.5

175 Rapid City No. 3 08-20-87 -13.30 -97.9

175 Rapid City No. 3 09-01-87 -13.25 -98.5

175 Rapid City No. 3 03-17-88 -13.25 -99.5

175 Rapid City No. 3 05-17-88 -13.20 -98.5

175 Rapid City No. 3 07-19-88 -13.40 -102.5

178 PE-89A Canyon Lake Madison 12-06-89 -12.85 -100.0

178 PE-89A Canyon Lake Madison 09-28-93 -12.70 -98.0

178 PE-89A Canyon Lake Madison 04-19-95 -12.60 -97.0

178 PE-89A Canyon Lake Madison 10-10-96 -12.63 -97.1

181 Rapid City No. 4 12-05-86 -13.90 -104.5

181 Rapid City No. 4 02-06-87 -13.90 -102.0

181 Rapid City No. 4 03-10-87 -13.90 -102.0

181 Rapid City No. 4 04-10-87 -13.85 -102.5

181 Rapid City No. 4 06-16-87 -13.85 -105.0

181 Rapid City No. 4 07-02-87 -13.30 -102.5

181 Rapid City No. 4 08-07-87 -13.90 -103.0

181 Rapid City No. 4 09-01-87 -14.00 -103.5

181 Rapid City No. 4 03-22-88 -13.85 -102.5

181 Rapid City No. 4 05-17-88 -13.85 -103.0

181 Rapid City No. 4 07-15-88 -13.90 -103.0

181 Rapid City No. 4 07-18-90 -13.75 -101.0

181 Rapid City No. 4 08-26-96 -13.81 -104.0

182 PE-65A Sioux Park 2 Madison 03-14-90 -14.25 -105.0

182 PE-65A Sioux Park 2 Madison 08-30-90 -14.45 -108.0

182 PE-65A Sioux Park 2 Madison 10-10-96 -13.79 -104.0

183 PE-64B Sioux Park 1 Minnelusa 03-14-90 -14.50 -109.0

183 PE-64B Sioux Park 1 Minnelusa 08-29-90 -14.25 -106.0

185 Rapid City No. 5 04-25-90 -14.50 -108.0

185 Rapid City No. 5 10-07-93 -14.30 -107.0

185 Rapid City No. 5 10-13-94 -14.10 -106.0

185 Rapid City No. 5 08-26-96 -14.01 -107.0

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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186 PE-89E Lime Creek 11-21-89 -14.45 -109.0

186 PE-89E Lime Creek 06-20-90 -14.30 -109.0

195 Hart Ranch 12-08-86 -11.70 -89.0

195 Hart Ranch 06-08-87 -11.70 -90.0

195 Hart Ranch 07-12-87 -11.70 -89.5

195 Hart Ranch 08-20-87 -11.70 -90.0

195 Hart Ranch 10-19-93 -11.70 -90.0

195 Hart Ranch 04-26-95 -11.80 -91.0

195 Hart Ranch 07-23-96 -12.37 -93.3

195 Hart Ranch 11-14-96 -12.38 -93.0

195 Hart Ranch 01-08-97 -12.41 -94.9

195 Hart Ranch 03-11-97 -12.36 -95.0

195 Hart Ranch 05-13-97 -12.47 -93.8

195 Hart Ranch 07-11-97 -12.54 -94.5

195 Hart Ranch 09-10-97 -12.70 -97.1

195 Hart Ranch 12-05-97 -12.73 -95.8

195 Hart Ranch 02-06-98 -12.68 -95.3

195 Hart Ranch 05-07-98 -12.53 -94.5

195 Hart Ranch 07-08-98 -12.69 -96.0

195 Hart Ranch 09-29-98 -12.65 -97.2

196 Pine Grove 12-09-86 -11.90 -87.5

196 Pine Grove 02-10-87 -11.85 -87.5

196 Pine Grove 03-10-87 -11.95 -87.0

196 Pine Grove 04-10-87 -11.95 -89.0

196 Pine Grove 07-13-87 -11.95 -87.0

196 Pine Grove 08-16-89 -11.76 -88.4

196 Pine Grove 10-15-93 -12.00 -89.0

196 Pine Grove 04-21-95 -11.80 -88.0

196 Pine Grove 11-18-96 -11.89 -88.6

196 Pine Grove 01-09-97 -11.86 -88.0

196 Pine Grove 03-05-97 -11.90 -88.5

232 Windy City Lake 03-10-87 -12.45 -91.0

232 Windy City Lake 05-17-88 -12.05 -89.5

237 Streeter Ranch 111-01-77 -12.05 -88.4

237 Streeter Ranch 03-11-97 -11.87 -86.8

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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276 Knight Spring 08-04-95 -16.85 -125.0

276 Knight Spring 08-28-96 -16.90 -127.0

276 Knight Spring 09-11-97 -16.98 -127.8

280 08-08-95 -13.86 -103.0

280 09-09-96 -13.97 -106.0

280 09-09-97 -14.04 -104.2

281 JHD Spring 09-13-95 -16.55 -128.0

281 JHD Spring 09-06-96 -16.61 -126.0

281 JHD Spring 09-09-97 -16.53 -126.4

282 Intake Gulch 08-03-95 -17.55 -135.0

282 Intake Gulch 08-28-96 -17.67 -133.0

282 Intake Gulch 09-09-97 -17.54 -133.0

283 Rhoads Fork near Rochford 101-01-78 -17.22 -125.0

283 Rhoads Fork near Rochford 12-05-86 -16.95 -126.5

283 Rhoads Fork near Rochford 04-14-87 -16.95 -127.5

283 Rhoads Fork near Rochford 06-12-87 -17.05 -128.0

283 Rhoads Fork near Rochford 07-06-87 -17.05 -127.5

283 Rhoads Fork near Rochford 08-11-87 -17.00 -129.0

283 Rhoads Fork near Rochford 08-07-95 -16.89 -125.0

283 Rhoads Fork near Rochford 08-28-96 -16.79 -127.0

283 Rhoads Fork near Rochford 09-09-97 -16.75 -128.5

285 Castle Creek above Deerfield 02-09-87 -16.45 -123.0

285 Castle Creek above Deerfield 04-14-87 -16.60 -124.0

285 Castle Creek above Deerfield 05-05-87 -16.50 -124.0

285 Castle Creek above Deerfield 06-12-87 -16.40 -123.5

285 Castle Creek above Deerfield 07-06-87 -16.35 -125.0

285 Castle Creek above Deerfield 08-11-87 -16.25 -122.5

285 Castle Creek above Deerfield 10-20-87 -16.35 -124.0

285 Castle Creek above Deerfield 07-14-88 -16.35 -123.5

287 Barrel Spring 07-25-95 -14.67 -115.0

287 Barrel Spring 09-13-96 -14.44 -112.0

287 Barrel Spring 09-08-97 -14.69 -113.8

288 Water Draw Spring 09-14-95 -14.34 -113.0

288 Water Draw Spring 09-13-96 -14.26 -113.0

288 Water Draw Spring 09-08-97 -14.22 -111.5

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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289 Mckenna Spring 09-14-95 -13.46 -103.0

289 Mckenna Spring 09-13-96 -13.53 -106.0

289 Mckenna Spring 09-08-97 -13.24 -101.8

290 Higgins Gulch below I-90 09-26-94 -16.47 -126.0

290 Higgins Gulch below I-90 10-10-97 -16.25 -121.6

298 City Springs 12-04-86 -14.35 -107.0

298 City Springs 04-09-87 -14.20 -107.0

298 City Springs 05-12-87 -14.40 -107.5

298 City Springs 06-04-87 -14.40 -108.5

298 City Springs 09-29-87 -14.50 -109.0

298 City Springs 05-12-88 -14.50 -109.0

298 City Springs 09-26-93 -14.20 -106.0

298 City Springs 10-15-94 -14.40 -109.0

300 Cleghorn Springs 12-05-86 -12.95 -98.5

300 Cleghorn Springs 02-06-87 -12.95 -98.0

300 Cleghorn Springs 04-10-87 -12.90 -98.0

300 Cleghorn Springs 06-04-87 -12.85 -99.0

300 Cleghorn Springs 07-02-87 -12.90 -100.0

300 Cleghorn Springs 08-07-87 -12.90 -98.5

300 Cleghorn Springs 09-27-93 -12.80 -99.0

300 Cleghorn Springs 04-20-95 -12.80 -100.0

300 Cleghorn Springs 08-05-98 -13.26 -100.7

308 Cascade Spring 101-01-78 -15.48 -118.0

308 Cascade Spring 09-12-96 -15.32 -119.0

309 Bear Gulch near Maurice 10-10-96 -16.76 -127.0

309 Bear Gulch near Maurice 09-11-97 -17.16 -130.6

310 Beaver Creek near Maurice 10-09-96 -16.40 -126.0

310 Beaver Creek near Maurice 09-11-97 -16.77 -128.8

312 Bear Butte Creek near Deadwood 10-09-96 -16.03 -122.0

312 Bear Butte Creek near Deadwood 10-10-97 -15.98 -120.3

313 Elk Creek above Meadow Creek 09-20-96 -16.10 -123.0

313 Elk Creek above Meadow Creek 10-09-97 -16.37 -124.4

314 Meadow Creek above Elk Creek 09-20-96 -15.69 -119.0

314 Meadow Creek above Elk Creek 10-09-97 -15.78 -117.4

315 Boxelder Creek near Nemo 09-27-93 -14.70 -111.0

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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315 Boxelder Creek near Nemo 10-29-93 -14.70 -113.0

315 Boxelder Creek near Nemo 11-24-93 -15.00 -113.0

315 Boxelder Creek near Nemo 12-22-93 -15.10 -114.0

315 Boxelder Creek near Nemo 01-20-94 -15.20 -114.0

315 Boxelder Creek near Nemo 02-18-94 -17.10 -129.0

315 Boxelder Creek near Nemo 03-25-94 -16.10 -121.0

315 Boxelder Creek near Nemo 04-20-94 -16.30 -125.0

315 Boxelder Creek near Nemo 05-19-94 -15.60 -118.0

315 Boxelder Creek near Nemo 06-27-94 -14.70 -112.0

315 Boxelder Creek near Nemo 07-15-94 -14.80 -112.0

315 Boxelder Creek near Nemo 08-17-94 -14.30 -108.0

315 Boxelder Creek near Nemo 09-27-94 -14.60 -112.0

315 Boxelder Creek near Nemo 10-26-94 -15.10 -115.0

315 Boxelder Creek near Nemo 11-23-94 -15.40 -118.0

315 Boxelder Creek near Nemo 12-29-94 -15.40 -114.0

315 Boxelder Creek near Nemo 03-10-95 -16.10 -123.0

315 Boxelder Creek near Nemo 04-13-95 -15.50 -118.0

315 Boxelder Creek near Nemo 10-18-95 -14.91 -114.0

315 Boxelder Creek near Nemo 11-29-95 -15.33 -113.0

315 Boxelder Creek near Nemo 01-16-96 -15.23 -115.0

315 Boxelder Creek near Nemo 08-28-96 -14.77 -112.0

315 Boxelder Creek near Nemo 10-11-96 -14.97 -115.0

315 Boxelder Creek near Nemo 12-31-96 -16.04 -122.0

315 Boxelder Creek near Nemo 03-17-97 -15.92 -120.1

315 Boxelder Creek near Nemo 04-25-97 -16.45 -124.0

315 Boxelder Creek near Nemo 06-23-97 -15.36 -118.0

315 Boxelder Creek near Nemo 08-12-97 -15.17 -114.1

315 Boxelder Creek near Nemo 10-08-97 -14.76 -112.8

315 Boxelder Creek near Nemo 12-11-97 -15.12 -113.2

315 Boxelder Creek near Nemo 02-12-98 -15.29 -116.8

315 Boxelder Creek near Nemo 03-23-98 -16.27 -122.7

315 Boxelder Creek near Nemo 07-01-98 -15.53 -117.5

315 Boxelder Creek near Nemo 08-14-98 -15.06 -112.9

316 Rapid Creek above Victoria Creek 01-19-90 -13.30 -107.0

316 Rapid Creek above Victoria Creek 09-27-93 -13.70 -108.0

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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316 Rapid Creek above Victoria Creek 10-29-93 -13.40 -103.0

316 Rapid Creek above Victoria Creek 11-24-93 -13.60 -106.0

316 Rapid Creek above Victoria Creek 12-22-93 -13.50 -106.0

316 Rapid Creek above Victoria Creek 01-20-94 -13.60 -105.0

316 Rapid Creek above Victoria Creek 02-18-94 -13.80 -108.0

316 Rapid Creek above Victoria Creek 03-25-94 -13.80 -103.0

316 Rapid Creek above Victoria Creek 04-20-94 -13.70 -108.0

316 Rapid Creek above Victoria Creek 05-19-94 -13.80 -107.0

316 Rapid Creek above Victoria Creek 06-27-94 -13.80 -109.0

316 Rapid Creek above Victoria Creek 07-15-94 -14.00 -109.0

316 Rapid Creek above Victoria Creek 08-17-94 -14.00 -109.0

316 Rapid Creek above Victoria Creek 09-27-94 -14.00 -109.0

316 Rapid Creek above Victoria Creek 10-26-94 -13.80 -108.0

316 Rapid Creek above Victoria Creek 11-23-94 -13.60 -107.0

316 Rapid Creek above Victoria Creek 12-29-94 -13.50 -108.0

316 Rapid Creek above Victoria Creek 03-10-95 -13.70 -109.0

316 Rapid Creek above Victoria Creek 04-13-95 -13.70 -107.0

316 Rapid Creek above Victoria Creek 10-18-95 -14.04 -109.0

316 Rapid Creek above Victoria Creek 11-30-95 -13.72 -105.0

316 Rapid Creek above Victoria Creek 01-16-96 -13.97 -107.0

316 Rapid Creek above Victoria Creek 08-28-96 -14.74 -113.0

316 Rapid Creek above Victoria Creek 10-11-96 -14.68 -113.0

316 Rapid Creek above Victoria Creek 11-04-96 -14.16 -109.0

316 Rapid Creek above Victoria Creek 12-05-96 -14.12 -109.0

316 Rapid Creek above Victoria Creek 01-08-97 -14.38 -109.0

316 Rapid Creek above Victoria Creek 02-13-97 -14.56 -111.9

316 Rapid Creek above Victoria Creek 03-20-97 -14.50 -113.3

316 Rapid Creek above Victoria Creek 04-29-97 -14.72 -116.1

316 Rapid Creek above Victoria Creek 05-29-97 -14.91 -114.5

316 Rapid Creek above Victoria Creek 07-10-97 -15.10 -115.5

316 Rapid Creek above Victoria Creek 08-21-97 -15.23 -116.2

316 Rapid Creek above Victoria Creek 10-03-97 -15.06 -114.3

316 Rapid Creek above Victoria Creek 11-12-97 -14.44 -110.7

316 Rapid Creek above Victoria Creek 12-16-97 -14.43 -110.4

316 Rapid Creek above Victoria Creek 01-26-98 -14.69 -114.1

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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316 Rapid Creek above Victoria Creek 03-02-98 -14.80 -113.1

316 Rapid Creek above Victoria Creek 04-14-98 -14.85 -115.5

316 Rapid Creek above Victoria Creek 06-30-98 -14.94 -115.1

316 Rapid Creek above Victoria Creek 09-08-98 -15.04 -113.9

317 Victoria Creek 04-09-87 -13.95 -102.5

317 Victoria Creek 06-09-87 -13.55 -100.0

317 Victoria Creek 07-06-87 -13.30 -98.4

317 Victoria Creek 08-13-87 -13.15 -98.0

318 Spring Creek near Keystone 12-04-86 -11.15 -89.5

318 Spring Creek near Keystone 09-27-93 -12.20 -93.0

318 Spring Creek near Keystone 10-29-93 -11.90 -91.0

318 Spring Creek near Keystone 11-24-93 -12.20 -93.0

318 Spring Creek near Keystone 12-22-93 -12.20 -92.0

318 Spring Creek near Keystone 01-20-94 -12.30 -94.0

318 Spring Creek near Keystone 02-18-94 -12.60 -96.0

318 Spring Creek near Keystone 03-25-94 -12.40 -93.0

318 Spring Creek near Keystone 04-20-94 -12.30 -93.0

318 Spring Creek near Keystone 05-19-94 -12.50 -96.0

318 Spring Creek near Keystone 06-27-94 -11.90 -93.0

318 Spring Creek near Keystone 07-15-94 -11.60 -90.0

318 Spring Creek near Keystone 08-17-94 -10.90 -88.0

318 Spring Creek near Keystone 09-27-94 -10.70 -87.0

318 Spring Creek near Keystone 10-26-94 -11.60 -91.0

318 Spring Creek near Keystone 11-23-94 -11.70 -93.0

318 Spring Creek near Keystone 12-29-94 -11.80 -93.0

318 Spring Creek near Keystone 03-10-95 -12.00 -93.0

318 Spring Creek near Keystone 04-13-95 -12.00 -95.0

318 Spring Creek near Keystone 10-18-95 -12.54 -96.1

318 Spring Creek near Keystone 11-29-95 -12.62 -96.4

318 Spring Creek near Keystone 01-16-96 -12.81 -96.9

318 Spring Creek near Keystone 08-28-96 -13.20 -101.0

318 Spring Creek near Keystone 09-09-96 -12.89 -98.9

318 Spring Creek near Keystone 10-14-96 -13.33 -102.0

318 Spring Creek near Keystone 11-06-96 -12.70 -95.8

318 Spring Creek near Keystone 12-06-96 -12.66 -96.6

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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318 Spring Creek near Keystone 01-08-97 -12.93 -97.5

318 Spring Creek near Keystone 02-14-97 -13.01 -99.3

318 Spring Creek near Keystone 03-17-97 -13.11 -101.1

318 Spring Creek near Keystone 04-30-97 -13.54 -104.0

318 Spring Creek near Keystone 06-13-97 -14.10 -106.0

318 Spring Creek near Keystone 07-23-97 -13.66 -102.6

318 Spring Creek near Keystone 08-22-97 -13.53 -102.1

318 Spring Creek near Keystone 10-07-97 -13.24 -98.9

318 Spring Creek near Keystone 11-13-97 -13.05 -98.7

318 Spring Creek near Keystone 12-18-97 -13.10 -98.5

318 Spring Creek near Keystone 01-29-98 -13.11 -99.8

318 Spring Creek near Keystone 03-05-98 -13.19 -100.3

318 Spring Creek near Keystone 04-16-98 -13.37 -102.6

318 Spring Creek near Keystone 06-05-98 -13.18 -101.3

318 Spring Creek near Keystone 07-06-98 -13.53 -101.9

318 Spring Creek near Keystone 08-13-98 -12.88 -98.3

319 Battle Creek near Keystone 09-06-96 -11.09 -82.4

319 Battle Creek near Keystone 09-12-97 -11.92 -87.2

320 Grace Coolidge Cr nr Game Lodge 09-10-96 -11.33 -84.2

320 Grace Coolidge Cr nr Game Lodge 09-12-97 -11.82 -87.4

321 French Creek above Fairburn 10-07-96 -11.54 -89.8

321 French Creek above Fairburn 09-11-97 -11.62 -89.1

322 Beaver Creek near Pringle 10-01-96 -12.38 -92.4

322 Beaver Creek near Pringle 09-10-97 -12.18 -91.9

1Data from Busby and others (1983, 1991).  Sites for which exact sample date is unknown are 
listed as 01-01-78.

Table 8. Stable isotope data for sites with multiple samples–Continued

[--, no data]

Site
number

Name Date
δ18O

(per mil)
δD

(per mil)
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Table 9. Weighted annual tritium concentrations in precipitation for Black Hills area

[TU-m, tritium-unit-meters; TU, tritium units; mm, millimeters; --, no data]

Year
Deposition

(TU-m)
Precipitation

(mm)

Weighted tritium 
concentration 

(TU)
Assumed Values

1952 and prior -- -- 15.00
Data from Michel (1989)

1953 18 460 39.13
1954 190 420 452.38
1955 26 370 70.27
1956 77 330 233.33
1957 87 460 189.13
1958 320 410 780.49
1959 300 370 810.81
1960 85 390 217.95
1961 99 310 319.35
1962 960 600 1,600.00
1963 2,000 480 4,166.67
1964 1,200 360 3,333.33
1965 680 460 1,478.26
1966 470 500 940.00
1967 240 480 500.00
1968 180 490 367.35
1969 130 340 382.35
1970 140 400 350.00
1971 93.8 469 200.00
1972 53.4 445 120.00
1973 48.8 488 100.00
1974 27.4 249 110.04
1975 35.4 443 79.91
1976 27.0 396 68.18
1977 56.2 661 85.02
1978 39.5 395 100.00
1979 21.3 355 60.00
1980 19.6 436 44.95
1981 19.4 357 54.34
1982 23.0 660 34.85
1983 9.8 393 24.94

Regression Estimates from Table 10

1984 -- -- 23.75
1985 -- -- 25.31
1986 -- -- 31.72
1987 -- -- 29.14
1988 -- -- 28.83
1989 -- -- 30.14
1990 -- -- 27.46
1991 -- -- 27.07
1992 -- -- 19.66
1993 -- -- 19.37
1994 -- -- 19.52
1995 -- -- 16.61
1996 -- -- 16.72
1997 -- -- 20.48
1998 -- -- 20.76
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